The effect of polymerization cycles on flexural properties of conventional (Vipi Cril ® -VC) or microwave-processed (Vipi Wave ® -VW) denture base acrylic resins was evaluated. Specimens (n=10) were submitted to the cycles: WB=65ºC for 1 h+1 h boiling water (VC cycle); M630/25=10 min at 270 W+5 min at 0 W+10 min at 360 W (VW cycle); M650/5=5 min at 650 W; M700/4=4 min at 700 W; and M550/3=3 min at 550 W. Specimens were submitted to a three-point bending test at 5 mm/min until fracture. Flexural strength (MPa) and elastic modulus (GPa) data were analyzed by 2-way ANOVA/Tukey HSD (α=0.05). Overall, VC showed higher values than VW. The results obtained with microwave polymerization did not differ from those obtained with water-bath for both acrylic resins. The results observed when polymerization cycles using medium power and shorter time were used did not differ from those when manufacturer's recommended microwave cycle was applied. Conventional VC might be microwave-processed without compromising its flexural properties.
INTRODUCTION
Polymethyl methacrylate has been the material of choice for manufacturing removable denture bases and artificial teeth since the beginning of the 20th century 1) . During its polymerization reaction, the process of polymer formation and polymeric chains growth should theoretically continue with increasing heat, until all monomer are converted into polymer 2) . However, as the reduction in temperature occurs, the formation of polymers also decreases and, consequently, a certain amount of residual monomer remains in the polymerized resin 3) . Due to its plasticizing action 4) , the residual monomer inside the polymeric mass can negatively influence the physical 5) and mechanical 6) properties of the materials. It has been shown that the amount of such monomer can be influenced by factors such as time, temperature 7) , and the polymerization method, as residual monomer content is higher in the autopolymerizing resins 8) compared to that in heatpolymerized, while reduced residual monomer content is observed in the microwaved-processed resins 9) . During the microwave polymerization, monomer molecules move in a high-frequency electromagnetic field. Numerous intermolecular collisions are promoted, causing a rapid internal heating in which energy is immediately absorbed by the resin regardless of thermal conductivity of materials involved in the processing of the prosthesis 10) . As this heating occurs rapidly and homogeneously, it eliminates the time required to transfer the heat from the water bath until the resin is inside the flask 10) . Despite the advantages of microwave polymerization, this method has still received limited clinical acceptance 11) . The total removable denture bases can fracture or crack during clinical use, occurring most frequently in the midline region of superior prostheses 12) . The fracture may be a result of the impact from accidental falls 13) and, when in function, might be associated with the flexural fatigue caused by cyclic deformation of the base 14) . The causes of fractures are related to a lack of adaptation of the denture bases to the intraoral tissues, unbalanced occlusion, inappropriate occlusal plan, internal stress inherent to the time-of-use, problems during the manufacture of the prostheses or limitations due to the material itself 13) . The flexural strength property provides information about the resistance to fracture under the action of functional cyclic deformation 15) . As it is strongly correlated with clinical longevity of complete dentures, a decrease in its values could result in a higher incidence of fracture by impact or occlusal forces 16) . In order to prevent an overheating of the monomer which could lead to degradation, material porosity 11) , and consequent prejudice to the physical and mechanical properties of the prosthesis 10) , more attention has been given to the importance of a proper selection of a 31) microwave polymerization cycle. Therefore, the aim of this study was to evaluate the flexural strength and modulus of elasticity of heat-polymerized acrylic resins after being subjected to conventional and microwave polymerization cycles. The hypotheses tested in this study were that: 1) the switched over polymerization cycles (conventional for the microwave resin and microwave for conventional resin) do not result in proper flexural properties for both materials; 2) the evaluated materials present different flexural properties; and 3) flexural properties are influenced by the polymerization cycle (conventional water-bath or microwave cycles) in both materials.
MATERIALS AND METHODS
The acrylic resins selected for this study Vipi Cril ® (VC) and Vipi Wave ® (VW, Vipi, Pirassununga, SP, Brazil) are shown in Table 1 .
To perform the flexural strength test, heatpolymerized resin specimens (n=10) were made with dimensions of 64×10×3.3±0.1 mm 17) . For that, metal matrixes in such dimensions were molded using laboratory silicone (Zetalabor-Zhermack, Labordental, São Paulo, SP, Brazil) between two glass plates. The mold/matrix set was included in metallic (OGP, Bragança Paulista, SP, Brazil) or plastic (Vipi Ltda.) flasks, using type III stone (Herodent, Vigodent Coltene SA Ind. e Com., Rio de Janeiro, RJ, Brazil). The flask was closed and remained under load of 0.5 t in a hydraulic press (VH, Araraquara, SP, Brazil) during the setting time of the stone. After this period, the flask was opened and the metal matrix was removed. The materials were proportioned and mixed in accordance to the manufacturer's instructions (Table 1) , and inserted into the mold inside the flask which was then kept in the hydraulic press with a load of 1.25 t during 30 min. The specimens were then subjected to conventional (SL-155/22, Solab, Piracicaba, SP, Brazil) or microwave (MEF 41, Electrolux, Manaus, AM, Brazil) polymerization cycles shown in Table 2 .
Then, the flasks were bench cooled for 30 min and subsequently cooled in running water for 15 min. The specimens were removed from the silicone molds and polished (Aropol E, Arotec, Cotia, SP, Brazil) using silicon carbide sandpapers (#240 and #600; 3M, Campinas, SP, Brazil) under constant water irrigation to remove irregularities. The accuracy of specimen sizes (width and thickness) was verified using a digital caliper (Mitutoyo Sul Americana, Suzano, SP, Brazil). After polishing, the specimens were stored in distilled water in an oven (New Instruments, Piracicaba, SP, Brazil) at 37°C for 48 h 17) . The 3-point flexural strength test was made in a universal testing machine (Autograph AG-I -Serial 90416, Shimadzu do Brasil, São Paulo, SP, Brazil) at a speed of 5 mm/min and a distance between the supports of 50 mm. The compressive load was applied perpendicularly to the center of the specimens, resulting in a tension/deformation curve; the specimens were deflected until fracture and the maximum load was recorded in N. Flexural strength (MPa) was calculated using the following equation: FS=3WL/2bh 2 where "FS" is the flexural strength, "W" is the maximum load before fracture (N), "L" is the distance between the supports (50 mm), "b" is the width (mm) and "h" is the thickness of the specimens (mm).
The flexural modulus, or elastic modulus, was calculated from the flexural strength tests. The modulus of elasticity (GPa) represents the rigidity of the material, wherein the higher the value, the lower the elastic deformation and the higher the material rigidity. The modulus of elasticity was calculated using the following formula:
where "E" is the modulus of elasticity, "F" (N) is the load at a convenient point ("p") in the straight line of the tension/deformation curve (elastic deformation), "L" is the distance between the supports (50 mm), "b" is the width (mm), "h" is the thickness of the specimens (mm) and "d" is the deflection (mm) in the point "p". Data were submitted to two-way ANOVA ("material" and "curing cycle" factors) followed by Tukey HSD test (α=0.05), using a personal software (IBM SPSS 19, SPSS, IBM Company, Armonk, NY, USA). Post-hoc Power analysis was performed for statistical analyses of flexural properties data using the personal statistical software (IBM SPSS 19).
RESULTS
For the number of specimens used to evaluate the flexural properties of denture base acrylic resins (n=10), this study presented adequate power for both factors "material" and "curing cycle" (above 95%; α=0.05).
Because there was no statistical significance for the interaction "material×curing cycle", the average values are presented separately for the factors "material" (Table  3 ) and "curing cycle" (Table 4) .
Conventional water-bath resin Vipi Cril presented higher flexural properties (p<0.05) compared to the microwaved resin Vipi Wave, irrespective to the polymerization cycle used (Table 3) .
For both flexural parameters, the evaluated microwave polymerization cycles did not significantly differ (p>0.05) from the conventional water-bath cycle, independent of the heat-polymerized acrylic resin. In addition, the microwave cycle of higher power (700 W for 4 min) resulted in lower values of flexural strength and modulus of elasticity (p<0.05). It was also noted that the microwave cycle of lower power and irradiation time (550 W for 3 min) promoted higher values of flexural strength and modulus of elasticity (p<0.05). The polymerization cycles with medium power and reduced time resulted in no significantly different values (p>0.05) when compared to the values obtained using the microwave cycle recommended by the manufacturer Fig. 1 Tension/deformation curves of Vipi Cril resin polymerized using the evaluated conventional and microwave curing cycles. (25 min) ( Table 4) . Figures 1 and 2 present tension/deformation curves obtained for Vipi Cril and Vipi Wave resins, respectively, in conventional and microwave cycles. Both resins presented typical behaviors of brittle materials with low straining values, displaying only elastic deformation according to the elastic linear fracture mechanism theory 18) . The M700/4 cycle resulted in more fragile materials because the resins started to fracture more rapidly, and the M550/3 cycle resulted in less fragile materials compared to other polymerization cycles.
DISCUSSION
A complete denture with adequate strength should resist fracturing and not deform under the action of forces in order to allow an appropriate distribution of loads on the subjacent structures 12) . Flexural strength and modulus of elasticity properties represent important parameters, providing an estimate of the clinical longevity of materials subjected to masticatory loads 19) . However, the results obtained from in vitro flexural strength tests under static loads may not reflect the conditions presented in the oral cavity, but they are useful to compare materials in controlled studies 20) . Particularly, the 3-point bending test has been useful in many studies that evaluate denture base acrylic resins, not only it is easy to perform, but also because it simulates the stress that is applied on the prosthesis during chewing 21) . The first tested hypothesis stating that the switched over polymerization cycles (conventional for the microwave resin and microwave for conventional resin) do not result in proper flexural properties for both materials was not accepted. According to ISO 1567 17) , the minimum value of flexural strength for Types 1 and 5 denture base materials (conventional heat-polymerized and microwaved resins, respectively) should not be lower than 65 MPa. For the modulus of elasticity, the minimum value should not be lower than 2 GPa. The results of this study exceeded the recommended minimum values in all experimental conditions and may not have clinical relevance. Nevertheless, the values were in agreement with results obtained in the literature for heat-polymerized resins based on polymethyl methacrylate 11, [22] [23] [24] . However, as pointed out above, the results must be interpreted with caution, because different performance can be obtained when these materials are under fatigue loads when in function 25) . Bafile et al. 26) stated that acrylic resins formulated for microwave polymerization may contain triethylene or tetraethylene glycol dimethacrylate in their composition. Although Vipi Cril and Vipi Wave resins have the same composition and powder/liquid ratio (Table 1) , the conventional resin demonstrated higher values than did the microwaved one; therefore, the second hypothesis was accepted. It could be inferred that Vipi Cril has higher concentrations of ethyleneglycol dimethacrylate, a cross-linking agent in its composition, than Vipi Wave, because there is a correlation between increased concentrations of crosslinking agents and higher values of flexural strength and modulus of elasticity 27) . Further studies assessing the composition and residual monomer and crosslinking agent contents should be conducted to confirm this assumption.
The current results corroborate those obtained by other authors [28] [29] [30] [31] , who found no differences in flexural strength values between resins polymerized conventionally and those polymerized in microwave. Therefore, the third hypothesis was not accepted. It has been reported that the residual monomer content may adversely affect the mechanical properties of denture base acrylic resins due to its plasticizing effect, which effectively reduces the interchain forces facilitating the deformation under load during the flexural strength test 32) . It has also been shown that the polymerization temperature increase improves the properties of acrylic resins 12) . In this study, the authors also measured the surface temperature of the specimens at the end of the microwave polymerization cycles using an infrared thermometer and found average values around 133°C and 159°C for the M630/25, M650/5, and M700/4 cycles, while the lowest values (around 103ºC and 107ºC) were observed for the M550/3 cycle. Although these values are higher than that expected during conventional polymerization, no significant difference in the evaluated flexural properties was noted. This could be explained by the low content of residual monomer when denture base acrylic resins are processed in conventional curing cycles including a final boiling period 3) . The importance of final polymerization in boiling point is related to the use of the temperature within the glass transition temperature (Tg) range of the resinous matrix of PMMA (97.0°C to 105°C) 33) . As a result, the conversion of the polymers will be increased because of the greater movement of molecular chains in the glassy polymer 34) . According to Bafile et al. 26) , the polymerization of polymethyl methacrylate acrylic resins without the creation of porosities would not be possible at elevated temperatures (around 100°C and 150°C) due to their high vapor pressure. Microwave polymerization is influenced by the availability of benzoyl peroxide and variation in both duration and magnitude of the exothermic reaction 10) . The half-lives of benzoyl peroxide are 7.3 h, 1.4 h, and 19.8 min at 70°C, 85°C, and 100°C, respectively 35) . The higher the power applied to the system 36) , the more quickly the benzoyl peroxide decomposes, resulting in faster polymerization reaction. As the microwave oven presents almost no thermal inertia, the response is effective and almost instantaneous. From the half-lives of benzoyl peroxide, it becomes clear that the time required for a substantial conversion of monomer into polymer would be impractically long at temperatures below 100°C 37) . It might be usually expected that the speed and the polymerization temperature drop rapidly in the final stages due to the decrease in the movement of polar monomers as a result of the polymerization and degree of cross-linking 38) . Once the polar ester side group is not involved in polymerization, the dipolar relaxation of polymerized PMMA does not disappear completely. The relaxation time of such groups (β) is shorter than the main chain (α), allowing them to keep their mobility below the Tg, so the resin can be heated and maintained at high temperatures depending on the power of the microwave oven. Due to the merging of α and β relaxations in PMMA at frequencies greater than 10 kHz, the critical temperature of PMMA at 2.45 GHz is 185°C 39) . In the evaluated polymerization cycles, the final temperature was below 185ºC, and the conventional heat-polymerized Vipi Cril resin could be polymerized in the microwave oven without compromising its flexural properties.
In the current study, both materials processed using the microwave cycle of higher power (700 W) showed the worst results. Using high power programs, more energy is supplied to the specimens during the polymerization reaction, causing a rapid increase in resin temperature 10, 38) . This results in resin porosity and, consequently, low flexural strength values 11) . Alkhatib et al. 40) evaluated the effect of thickness on porosity of acrylic resins and noticed that when a conventional heat-polymerized resin was polymerized in the microwave, porosity was found when the thickness of the material exceeded 3 mm. In addition, porosity has also been found in a resin designated for microwave polymerization when the thickness was greater than 3 mm and the resin was processed using a cycle at 513 W for 4 min and 52 s. Thus, it would be important to evaluate the effect of increased thickness on the properties of acrylic resins, here evaluated using the M630/25, M650/5, and M550/3 cycles.
The clinical implication of this study is that the microwave curing of conventional heat-polymerized resins can have a positive effect on the strength and longevity of the prosthesis. In addition, microwave energy has the potential to considerably reduce time in the processing of prosthesis 11) . The mechanical properties investigated in this study represent a limited evaluation of the materials, since they do not simulate clinical conditions. Future studies of these mechanical properties using the shape of a prosthesis and execution of mechanical tests in conditions of moisture and thermal and mechanical cycling to simulate the aging of materials during their clinical use should be made.
CONCLUSIONS
Based on the methodology and within the limitations of this in vitro study, it was possible to conclude that:
1. Vipi Cril resin showed higher performance than did Vipi Wave resin in both flexural properties, regardless of the cycle that has been polymerized. 2. Microwave polymerization effects on flexural parameters did not differ from those noted when conventional water-bath was used, no matter what heat-polymerized resin was processed. 3. Microwave polymerization cycles comprising the lowest (550 W) and the highest (700 W) power showed the highest and the lowest values, respectively, to both flexural parameters. 4. The polymerization cycles using medium powers and reduced times did not compromise the flexural properties in comparison to the use of long cycle in microwave, recommended by the manufacturer. 5. Vipi Cril conventional acrylic resin could be polymerized in a microwave without prejudice to its flexural properties.
